Regulation of heart size in Xenopus laevis.
The region with the potential to form the heart has traditionally been called the heart field. This region can be approximated by, but is not identical to, the expression domain of the early cardiac gene Nkx2.5. The region expressing Nkx2.5 does not change in size, although there are major shape changes and a subdivision of the region into non-myogenic and myogenic lineages. Using a variety of embryo manipulations, we have sought to determine whether cellular interactions could change the size of the initial Nkx2.5-expressing region and thus change the size of the heart. We have shown that if the heart is isolated from the dorsal half of the embryo, the volume of tissue expressing myocardial differentiation markers increases, indicating that signals restricting the size of the heart come from the dorsal side. Despite the change in myocardial volume, the non-myogenic heart lineages are still present. The ability of dorsal tissues to restrict the size of the heart is further demonstrated by fusing two Xenopus embryos shortly after gastrulation, generating twinned embryos where the heart of one embryo would develop adjacent to different tissues of the second embryo. The final size of the differentiated heart was markedly reduced if it developed in close proximity to the dorso-anterior surface of the head but not if it developed adjacent to the flank or belly. In all cases, the manipulations that restricted the size of the myocardium also restricted the expression of Nkx2.5 and GATA-4, both key regulatory genes in the cardiogenic pathway. These results provide evidence for a model in which signals from dorso-anterior tissues restrict the size of the heart after gastrulation but before neural fold closure.